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SHUPLWWHG,QWKHFDVHRIRXUVWXG\WKLVPHDQVWKDW WKHHOHFWULFFDUVRIIHUHGLQWKHSXUFKDVHH[SHULPHQWV
VKRXOGVKRZFKDUDFWHULVWLFVWKDWUHDFKIDUEH\RQGWKHDFWXDOWHFKQLFDOVWDQGDUGVRIHOHFWULFFDUV
D)RU HDFK UHIHUHQFH FDU RI WKH KRXVHKROG HLJKW SXUFKDVH H[SHULPHQWV ZHUH FRQGXFWHG 7KH\ FDQ EH
GLYLGHG LQWR WKUHHJURXSV:LWKLQRQHJURXSDOODWWULEXWHFKDUDFWHULVWLFVDUH WKHVDPHDSDUWRI WKRVH
FKDQJHG LQ WKH VSHFLILF H[SHULPHQW HJ H[SHULPHQW  WKH SXUFKDVH SULFH LV UHGXFHG EHFDXVH RI D
EX\HU¶VSUHPLXPDOORIWKHRWKHUDWWULEXWHFKDUDFWHULVWLFVDUHVDPHDVLQH[SHULPHQWVHHDOVR

,QRXUVXUYH\DVWDWHGFKRLFHFKRLFHRIQRQHRURQHRXWRIVHYHUDODOWHUQDWLYHVIRUSXUFKDVHDQGXVH
DQGDVWDWHGUDQNLQJUDQNLQJRIVHYHUDODOWHUQDWLYHVZDVFRPELQHG:LWWLQN
7RDYRLGRUGHUHIIHFWVLQWKHLQWHUYLHZVWKHSRVLWLRQLQJRI
 DOWHUQDWLYHVUHIHUHQFHFDUHOHFWULFFDUK\EULGFDU
 DWWULEXWHV
 H[SHULPHQWJURXSVEDQGFDQG
 H[SHULPHQWVQXPEHU±
ZDVFKDQJHGUDQGRPO\
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7DEOH
E9DULDWLRQRIFRVWLQIRUPDWLRQ:LWKWKHKHOSRIWKUHHH[SHULPHQWVLWVKRXOGEHWHVWHGZKHWKHUWKHW\SH
RISURYLVLRQRIWKHFRVWLQIRUPDWLRQLQIOXHQFHVWKHUHVSRQGHQWV¶GHFLVLRQV,QWKHILUVWH[SHULPHQWDOO
RI WKH FRVW LQIRUPDWLRQ ZDV JLYHQ SHU NP $ IROORZXS H[SHULPHQW LQFOXGHG DGGLWLRQDOO\ WKH
YDULDEOH RSHUDWLQJ FRVWV SHU \HDU FDOFXODWHG ZLWK WKH DQQXDO GULYLQJ SHUIRUPDQFH DQG DOWHUQDWLYH
VSHFLILFUXQQLQJFRVWVSHUNP,QWKHWKLUGH[SHULPHQWOLIHWLPHFRVWVGHILQHGDVFRVWVSHUVHYHQ
\HDUVSOXVSXUFKDVHSULFHZHUHUHYHDOHG:LWKLQWKHIUDPHZRUNRIWKHVHWKUHHH[SHULPHQWVWKHEDVLF
FRVWDWWULEXWHVZHUHFRQVWDQWRQO\WKHSHULRGFRYHUHGFKDQJHG
F9DULDWLRQRIIUDPHZRUNFRQGLWLRQV:LWKLQIRXUH[SHULPHQWVWKHLQIOXHQFHRIIUDPHZRUNFRQGLWLRQVRQ
WKHUHVSRQGHQWV¶SXUFKDVHGHFLVLRQVZDVDQDO\]HG7KLVLPSOLHVDEX\HU¶VSUHPLXPDQLQFUHDVHRIIXHO
SULFHDQGEHQHILWVIRUHOHFWULFFDUVOLNHDUHPLVVLRQRISDUNLQJIHHVIUHHHQWU\LQHQYLURQPHQWDO]RQHV
DOORZDQFH WRXVHGHGLFDWHGEXV ODQHVDQG UDLOZD\YRXFKHUV7KHFKDQJHG IUDPHZRUNFRQGLWLRQVDUH
DSSOLHGIRURQHSXUFKDVHH[SHULPHQWRQO\QRWFXPXODWLYH
G(OHFWULFFDUV,QWKLVJURXSWKHUHVSRQGHQWKDGWRFKRRVHEHWZHHQWKUHHHOHFWULFFDUV

,QRXUVXUYH\DVWDWHGFKRLFHFKRLFHRIQRQHRURQHRXWRIVHYHUDODOWHUQDWLYHVIRUSXUFKDVHDQGXVH
DQGDVWDWHGUDQNLQJUDQNLQJRIVHYHUDODOWHUQDWLYHVZDVFRPELQHG:LWWLQN
7RDYRLGRUGHUHIIHFWVLQWKHLQWHUYLHZVWKHSRVLWLRQLQJRI
 DOWHUQDWLYHVUHIHUHQFHFDUHOHFWULFFDUK\EULGFDU
 DWWULEXWHV
 H[SHULPHQWJURXSVEDQGFDQG
 H[SHULPHQWVQXPEHU±
ZDVFKDQJHGUDQGRPO\
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7DEOH2YHUYLHZRIJURXSVRISXUFKDVHH[SHULPHQWVDSSOLHGIRURQHUHIHUHQFHFDU
H[SHULPHQW GHVFULSWLRQ DOWHUQDWLYHVDQGDWWULEXWHV
D9DULDWLRQRIFRVWLQIRUPDWLRQ DOWHUQDWLYHVUHIHUHQFHFDUHOHFWULFFDUK\EULGQRQH
 FRVWVSHUNP DWWULEXWHV;
 FRVWVSHUNPRSHUDWLQJFRVWVSHU\HDU DWWULEXWHV;
 FRVWVSHUNPRSHUDWLQJFRVWVSHU\HDUVSOXV
SXUFKDVHSULFH
DWWULEXWHV;
E9DULDWLRQRIIUDPHZRUNFRQGLWLRQV DOWHUQDWLYHVUHIHUHQFHFDUHOHFWULFFDUK\EULGQRQH
 FKDQJHRIDWWULEXWHVRIDOWHUQDWLYHV DWWULEXWHV<
 EX\HU¶VSUHPLXP¼RU¼ DWWULEXWHV<
 LQFUHDVHRIIXHOSULFHIXHOSULFHRU(XUR
SHUOLWUH DWWULEXWHV<
 UHPLVVLRQRISDUNLQJIHHVIUHHHQWU\LQ
HQYLURQPHQWDO]RQHVDOORZDQFHWRXVHGHGLFDWHG
EXVODQHVUDLOZD\YRXFKHUVRQHFKRVHQ
DWWULEXWHV<
F(OHFWULFFDUV DOWHUQDWLYHVUHIHUHQFHFDUHOHFWULFFDUK\EULGQRQH
 DOWHUQDWLYHVWKUHHHOHFWULFFDUV DWWULEXWHV=
0RGHFKRLFHH[SHULPHQWV
,I UHVSRQGHQWV FKRVH DQ HOHFWULF FDU ZLWKLQ D SXUFKDVH H[SHULPHQW PRGH FKRLFH H[SHULPHQWV ZHUH
FRQGXFWHGWRFKHFNWKHSODXVLELOLW\RIDQVZHUV7KHVHH[SHULPHQWVZHUHEDVHGRQWKHFDUWULSV!NP
SHUGD\WKDWZHUHFROOHFWHGLQWKHWHOHSKRQHLQWHUYLHZ7KHVHORQJGLVWDQFHWULSVFDQKDUGO\EHFRQGXFWHG
ZLWKDQHOHFWULFFDUZLWKRXWEUHDN7KXVXVHUVKDYHWRFKRRVHDQDOWHUQDWLYHPRGHRIWUDQVSRUWRUDFFHSW
EUHDNVIRUFKDUJLQJ
)RUHDFKFDUWULSWKHUHVSRQGHQWVKDGWRUDQNGLIIHUHQWWUDQVSRUWPRGHVDFFRUGLQJWRWKHLUSUHIHUHQFH
$OWHUQDWLYHV ZHUH D FRQYHQWLRQDO FDU DQ HOHFWULF FDU SXEOLF WUDQVSRUW UHQWDO FDU RU RWKHU 7R JDLQ
SODXVLEOHDQVZHUVLWZDVFKHFNHGZKHWKHUWKHVHWUDQVSRUWPRGHVDUHDYDLODEOH
:LWK WKHKHOSRI WKHPRGHFKRLFHH[SHULPHQWV WKHUHVWULFWLRQVUHJDUGLQJ WR WKHUDQJHRIHOHFWULFFDUV
ZHUHGLVFORVHG UHVSRQGHQWVFRXOG UHYLVH WKHLUSXUFKDVHGHFLVLRQV LQ WKH IROORZLQJ$VZHFRQVLGHUFDU
SXUFKDVH DV D ZHOOSUHSDUHG GHFLVLRQ LQ UHDO OLIH DQG WUHDW WKH PRGH FKRLFH H[SHULPHQW DV D NLQG RI
LQIRUPDWLRQSURFXUHPHQWWKHFRUUHFWHGSXUFKDVHGHFLVLRQEDVHGRQWKHPRGHFKRLFHH[SHULPHQWVDUHXVHG
LQWKHGDWDDQDO\VLV
0RGHOGHYHORSPHQW
$GLVDJJUHJDWHPRGHOZDVGHYHORSHGWRLQYHVWLJDWHWKHSXUFKDVHSUREDELOLW\IRUHDFKFDUWHFKQRORJ\,W
LV EDVHG RQ DOWHUQDWLYH VSHFLILF XWLOLW\ IXQFWLRQV IRU HDFK FDU WHFKQRORJ\ 7KHVH XWLOLW\ IXQFWLRQV ZHUH
HVWLPDWHGZLWKLQDGLVFUHWHFKRLFHDQDO\VLVWKHSXUFKDVHSUREDELOLWLHVXVLQJDPXOWLQRPLDOORJLWDSSURDFK
)RUDGHWDLOHGRYHUYLHZRIWKHPHWKRGLFDOIRXQGDWLRQVVHHHJ+HVV
7KH GDWD VHW LQFOXGHV  FKRLFH VHWV EDVHG RQ WKH SXUFKDVH H[SHULPHQWV  HDFK FRQVLVWLQJ RI DQ
HOHFWULFDK\EULGDQGDFRQYHQWLRQDOFDU7KHUHVXOWVSUHVHQWHGLQWKLVSDSHUDUHEDVHGRQWKHILUVWFKRLFH
RIWKHUHVSRQGHQWVLQHDFKFKRLFHVHWWKHUHVXOWVRIWKHUDQNLQJDUHQRWWDNHQLQWRDFFRXQW,IQRFDUZDV
VHOHFWHGWKHFKRLFHVHWZDVGLVUHJDUGHG7KLVDOVRDSSOLHVWRWKHZKROH³(OHFWULFFDUVRQO\´H[SHULPHQW
)XUWKHUZHXVHGWKHUHYLVHGSXUFKDVHGHFLVLRQDIWHUWKHPRGHFKRLFHH[SHULPHQW
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6HYHUDOPRGHOVZHUHHVWLPDWHG7KHPRGHOVHOHFWLRQLVEDVHGRQWKHDGMXVWHGUKRVTXDUHDQGWKH%,&
7KHDGMXVWHGUKRVTXDUHRIWKHPRGHOILQDOO\FKRVHQLVWKHUDWLRRIULJKWSUHGLFWHGYDOXHV
7KHPRGHOSDUDPHWHUVDUHVKRZQLQ7DEOHDQG7DEOH$OO WHVWHGYDULDEOHVKDYHDKLJKO\VLJQLILFDQW
LQIOXHQFHVLJQLILFDQFHOHYHORIDWOHDVWRQHSHUFHQW7KHVLJQVRIDOOSDUDPHWHUVDUHSODXVLEOH
)RUHYHU\DOWHUQDWLYHVSHFLILFDWWULEXWHXVHGLQWKHVXUYH\DKLJKO\VLJQLILFDQWLQIOXHQFHLVHVWLPDWHG
+RZHYHUUDQJHFKDUJLQJWLPHDQG&2HPLVVLRQSHUIRUPDQFHDUHRQO\UHOHYDQWIRUWKHHOHFWULFFDUWKH\
GR QRW DIIHFW WKH XWLOLW\ RI WKH RWKHU DOWHUQDWLYHV %HVLGHV WKHVH WKUHH DWWULEXWHV DOWHUQDWLYH VSHFLILF
SDUDPHWHUV DUH HVWLPDWHG RQO\ IRU WKH UXQQLQJ FRVWV SHU  NLORPHWHU WKH SDUDPHWHUV RI DOO RWKHU
DWWULEXWHVDUHDOWHUQDWLYHXQVSHFLILF)RUH[DPSOHLIWKHSXUFKDVHSULFHRIDOODOWHUQDWLYHVZRXOGEHHTXDO
WKHLPSDFWRQDOWHUQDWLYHVSHFLILFXWLOLW\LVWKHVDPHGXHWRWKHLGHQWLFDOSDUDPHWHU7DEOH1RWHWKDWWKH
SDUDPHWHUV FDOFXODWHG DUH OLQHDU +RZHYHU WKH LQIOXHQFH RI WKH DWWULEXWHV ZDV HVWLPDWHG IRU GLIIHUHQW
YDULDEOHWUDQVIRUPDWLRQVFROXPQ³WUDQVIRUPDWLRQ´7DEOH$EHWWHUPRGHOTXDOLW\FDQEHIRXQGXVLQJ
WUDQVIRUPHGDWWULEXWHVIRUWKHPRVWSDUW,QGHHG\HDUO\UXQQLQJFRVWVDQG&2HPLVVLRQSHUIRUPDQFHDUH
WKHRQO\DWWULEXWHVZLWKDOLQHDUWUDQVIRUPDWLRQ([FHSWIRUFKDUJLQJWLPHDQG&2HPLVVLRQSHUIRUPDQFH
IRUDOORIWKHRWKHUYDULDEOHVDGHFUHDVLQJPDUJLQDOLQIOXHQFHRQXWLOLW\FDQEHVKRZQ
$OWHUQDWLYHVSHFLILFFRQVWDQWVZHUHFDOFXODWHGXVLQJHIIHFWFRGLQJLQVWHDGRIGXPP\FRGLQJ:KLOHWKH
ODWWHUUHIHUWRDFHUWDLQFDWHJRU\HIIHFWFRGHVUHIHUWRWKHPHDQ7KXVIRUHYHU\DOWHUQDWLYHDSDUDPHWHULV
FDOFXODWHG7KHDOWHUQDWLYHVSHFLILFFRQVWDQWRIWKHHOHFWULFFDULVQHJDWLYHWKHRQHRIWKHFRQYHQWLRQDOFDU
LVSRVLWLYH7KLVPD\ LQGLFDWHDKLJKHUFKRLFHSUREDELOLW\RI WKHFRQYHQWLRQDOFDU LIDOODWWULEXWHVRI WKH
FDUVVHWWRHTXDOYDOXHV+RZHYHUDVUDQJHFKDUJLQJWLPHDQG&2HPLVVLRQSHUIRUPDQFHRQO\DIIHFWWKH
XWLOLW\ RI WKH HOHFWULF FDU WKH\ KDYH WR EH LQFOXGHG LQ WKLV FRQVLGHUDWLRQ 1HYHUWKHOHVV WKH SXUFKDVH
SUREDELOLW\RIWKHFRQYHQWLRQDOFDUUHPDLQVFRPSDUDWLYHO\KLJK
7DEOH3DUDPHWHUHVWLPDWHVIRUWKHDOWHUQDWLYHVSHFLILFDWWULEXWHVRIWKHGLVFUHWHFKRLFHPRGHOVWYDOXHVLQEUDFNHWV
,QGHSHQGHQWYDULDEOH 7UDQVIRUPDWLRQ (OHFWULFFDU +\EULGFDU &RQYHQWLRQDOFDU
$OWHUQDWLYHVSHFLILFFRQVWDQW    
5DQJHLQNLORPHWHU /RJDULWKP   
&KDUJLQJWLPHLQKRXUVSHUNLORPHWHU 6TXDUH   
5XQQLQJFRVWVSHUNLORPHWHU /RJDULWKP   
<HDUO\UXQQLQJFRVWV    
5XQQLQJFRVWVLQOLIHWLPH 6TXDUHURRW   
&2HPLVVLRQSHUIRUPDQFHLQJUDPSHUNP    
3XUFKDVHSULFHLQ(XUR 6TXDUHURRW   
(QJLQHSRZHULQ36 6TXDUHURRW   

3DUDPHWHUHVWLPDWHVIRUQRWDOWHUQDWLYHVSHFLILFYDULDEOHVDUHVKRZQLQ7DEOH&ROXPQ³'´LQGLFDWHV
YDULDEOHV WKDW KDYH WKH FKDUDFWHULVWLF RI GXPP\YDULDEOHV +RZHYHU HIIHFW FRGLQJ ZDV XVHG DJDLQ
9DULDEOHVXVHGLQWKHPRGHOFDQEHDVVLJQHGWRGLIIHUHQWFDWHJRULHV
x 9DULDEOHVWKDWDUHUHODWHGWRWKHUHIHUHQFHFDURIWKHVWDWHGSUHIHUHQFHH[SHULPHQW)RUH[DPSOHLIWKLV
LVWKHFDURIWKHKRXVHKROGZLWKWKHKLJKHVW\HDUO\GULYLQJSHUIRUPDQFHWKHXWLOLW\RIWKHHOHFWULFFDULV
UHGXFHG$K\EULGFDULVFKRVHQPRUHRIWHQLIWKHH[LVWLQJFDULVVPDOOVL]HG
x 9DULDEOHV UHIHUULQJ WR WKH UHVSRQGHQW DQW WKH KRXVHKROG0DOH DQG HOGHU SHRSOH SUHIHU FRQYHQWLRQDO
FDUV7KHSXUFKDVHSUREDELOLW\RIWKHHOHFWULFFDULVORZHULIFKLOGUHQOLYHLQWKHKRXVHKROG
x 9DULDEOHV LQGLFDWLQJ GHFLVLRQ UHDVRQV DQG SUHIHUHQFHV ,I HQYLURQPHQWDO UHDVRQV ZHUH GHFLVLRQ
UHOHYDQWWKHHOHFWULFFDULVFKRVHQPRUHRIWHQ7KLVLVDOVRWKHFDVHLIWKHUHVSRQGHQWLVZLOOLQJWRDGDSW
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MRXUQH\ EUHDNV WR WKH UHTXLUHPHQWV RI DQ HOHFWULF FDU 7KH KLJKHU WKH DFFHSWHG FKDUJLQJ WLPH LV WKH
KLJKHULVWKHXWLOLW\RIWKHHOHFWULFFDU
:HIRXQGWKHHIIHFWTXLWHVXUSULVLQJO\WKDWZLWKDQLQFUHDVLQJQXPEHURIHOHFWULFFDUWULSVDOUHDG\GRQH
E\WKHUHVSRQGHQWWKHXWLOLW\RIWKHHOHFWULFFDULVJHWWLQJORZHU2SSRVLWHWRRXUH[SHFWDWLRQVWKLVYDULDEOH
FDQQRWEHLQWHUSUHWHGDVDQLQGLFDWRURIDIILQLW\WRHOHFWULFPRELOLW\,QVWHDGLWPD\EHVHHQDVDQLQGLFDWRU
IRUHQYLURQPHQWDOFRQVFLRXVQHVVDVK\EULGFDUVDUHSUHIHUUHGRUDOVRIRUWHFKQRORJ\DIILQLW\DVDQHZFDU
WHFKQRORJ\LVWHVWHG
7DEOH3DUDPHWHUHVWLPDWHVIRUWKHIXUWKHUYDULDEOHVFRQVLGHUHGRIWKHGLVFUHWHFKRLFHPRGHOVWYDOXHVLQEUDFNHWV
,QGHSHQGHQWYDULDEOH ' (OHFWULFFDU +\EULGFDU &RQYHQWLRQDO
FDU
([LVWLQJFDULVPDLQFDURIKRXVHKROG '   
([LVWLQJFDULVDVPDOOVL]HGFDU '   
1XPEHURI\HDUVVLQFHH[LVWLQJFDUZDVERXJKW    
1RUHSODFHPHQWSODQVIRUWKHH[LVWLQJFDUDWDOO '   
3URIHVVLRQDODFWLYLW\RIUHVSRQGHQW SDUWWLPHHPSOR\HG '   
6H[RIUHVSRQGHQW PDOH '   
$JHRIUHVSRQGHQW    
&KLOGUHQOLYLQJLQWKHKRXVHKROG \HV '   
7RWDOQHWKRXVHKROGLQFRPH    
&RPPRQO\XVHGSDUNLQJVSDFHDWKRPH JDUDJH '   
1XPEHURIFDUWULSVPDGHE\HOHFWULFFDU    
:LOOLQJQHVVWRDGDSWGULYLQJEUHDNVWRUHTXLUHPHQWVRIHOHFWULFFDUV '   
:LOOLQJWREX\DQHOHFWULFFDURQSULQFLSOH <HV '   
&KDUJLQJWLPHWREHDFFHSWHG    
0RGHFKRLFHH[SHULPHQWFRQGXFWHGIRUWKLVFDU <HV '   
&KDQJHRISXUFKDVHGHFLVLRQLQPRGHFKRLFHH[SHULPHQWIRUWKLV
FDU <HV '   
5HDVRQIRUGHFLVLRQ WLPHH[SRVXUH '   
5HDVRQIRUGHFLVLRQ HQYLURQPHQWDOUHDVRQV '   
5HDVRQIRUGHFLVLRQ UXQQLQJFRVWV '   

$V PHQWLRQHG DERYH ZH XVHG WKH FRUUHFWHG SXUFKDVH GHFLVLRQ RI WKH PRGH FKRLFH H[SHULPHQW LI
DYDLODEOH0RGHFKRLFHDIIHFWVFDUSXUFKDVHRQDVHFRQGZD\E\WZRYDULDEOHVRIWKHXWLOLW\IXQFWLRQ,ID
PRGHFKRLFHH[SHULPHQWZDVDOUHDG\FRQGXFWHGIRUWKLVFDULQGHSHQGHQWO\RILWVUHVXOWWKHXWLOLW\RIWKH
HOHFWULFFDULVKLJKHU7KDWPHDQVLIUHVSRQGHQWVKDYHRQFHFKRVHQWKHHOHFWULFFDULW LVPRUHOLNHO\WKDW
WKH\VHOHFW WKHHOHFWULFFDUDJDLQLQRQHRIWKHIROORZLQJSXUFKDVHH[SHULPHQWV7KLVHIIHFW LVUHGXFHGLI
WKH SXUFKDVH GHFLVLRQ IRU WKH H[LVWLQJ FDU ZDV FKDQJHG LQ D SUHYLRXV PRGH FKRLFH H[SHULPHQW 7KH
SDUDPHWHU RI WKLV YDULDEOH LV QHJDWLYH IRU WKH HOHFWULF FDU DOWHUQDWLYH ,I WKH WUDYHO EHKDYLRU UHVWULFWLRQV
DIIHFWWKHSXUFKDVHGHFLVLRQRQFHLWLVJHWWLQJXQOLNHO\WRVHOHFWWKHHOHFWULFFDUDJDLQ
%\FDUU\LQJRXWVXUYH\VRQHLVDOZD\VIDFHGZLWKWKHULVNRIPHWKRGLFDODQGLQWHUYLHZHIIHFWVWKDWFDQ
ELDVWKHUHVXOWV'LVWRUWLQJHIIHFWVPD\DULVHLQWHUDOLDDVDUHVXOWRIWKHLQWHUYLHZVLWXDWLRQRUWKHSHUVRQDO
LQIOXHQFH RI WKH LQWHUYLHZHU $Q DGGLWLRQDO HUURU VRXUFH PD\ EH WKH TXHVWLRQQDLUH XVHG LQ WKH VWDWHG
SUHIHUHQFH H[SHULPHQWV 7KLV FRQFHUQV LQ RXU DQDO\VLV SDUWLFXODUO\ WKH DUUDQJHPHQW RI DOWHUQDWLYHV DQG
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DWWULEXWHV)RU H[DPSOH LI DQ DWWULEXWH LV DOZD\V DUUDQJHG LQ WKH WRSRI WKHTXHVWLRQQDLUH D SDUWRI WKH
LQIOXHQFH GHWHFWHG IRU WKLV DWWULEXWHPD\ EH GXH WR WKH RUGHU:H DYRLGHG WKLV NLQG RI HUURU WR D ODUJH
H[WHQWE\D UDQGRPEDVHGDUUDQJHPHQWRIERWK WKHDWWULEXWHVDQG WKHDOWHUQDWLYHV%HVLGHV WKHYDU\LQJ
DUUDQJHPHQW DOORZV IRU WKH PDWKHPDWLFDO YHULILFDWLRQ RI DQ RUGHU HIIHFW &DXVVDGH HW DO  :H
UHYHDOHGKLJKO\VLJQLILFDQWRUGHUHIIHFWVRIWKHDUUDQJHPHQWRIWKHDWWULEXWHUDQJHDQGIRUWKHDOWHUQDWLYH
FRQYHQWLRQDOFDU$GGLWLRQDOKLJKO\VLJQLILFDQWLQWHUYLHZHIIHFWVZHUHWKHGD\RIWKHWHOHSKRQHLQWHUYLHZ
)ULGD\DQGDFHUWDLQ LQWHUYLHZHU$V WKHVHHIIHFWVDUHQRW UHODWHG WRFDUFKRLFH LQ WHUPVRIFRQWHQWZH
FRQVLGHUHGWKHPLQWKHXWLOLW\HVWLPDWLRQEXWGLVUHJDUGHGWKHPLQPRGHODSSOLFDWLRQ
,WKDV WREH VWDWHG WKDW VRPH ULVNVRIPHWKRGLFDOELDVFDQDOUHDG\EH LGHQWLILHGE\ WKHFRQGXFWLRQRI
SLORWVXUYH\ZKDWLVRIWHQGLVUHJDUGHGLQRWKHUVWXGLHV
,QGLYLGXDOEDVHGPRGHORQFDUSXUFKDVH
7KHXWLOLW\IXQFWLRQVIHGLQWRDGLVDJJUHJDWHLQGLYLGXDOEDVHGPRGHORQFDUSXUFKDVH:LWKWKLVPRGHO
WKHSUREDELOLW\LVFDOFXODWHGLIDQHZFDUZLOOEHHOHFWULFK\EULGRUFRQYHQWLRQDOGULYHQ,QPRUHGHWDLOLW
LV FDOFXODWHGZKLFKFDU WHFKQRORJ\ LVFKRVHQE\DFRQFUHWHSHUVRQGHILQHGE\ LWV FKDUDFWHULVWLFVXQGHU
JLYHQIUDPHZRUNFRQGLWLRQVLQWKHFDVHRIDUHSODFHPHQWRIDQH[LVWLQJFDU7KHDJJUHJDWLRQRYHUDOOFDUV
OHDGV WR WKH VKDUH RI HDFK FDU WHFKQRORJ\ RQ WKH QHZ FDUPDUNHW ,W LV LPSRUWDQW WR QRWH WKDW QRW WKH
SUREDELOLW\WRUHSODFHDQH[LVWLQJFDUEXWWKHSUREDELOLW\WRFKRRVHDFDUWHFKQRORJ\LQWKHFDVHRIDFDU
UHSODFHPHQWLVFDOFXODWHG7KHUHIRUHRQO\WKHQHZFDUPDUNHWVKDUHFDQEHFDOFXODWHG
7HFKQRORJLFDOGHYHORSPHQWLVFRQVLGHUHGLQWKHPRGHO)RUHDFKDWWULEXWHVWDUWDQGWDUJHWYDOXHVFDQEH
VHWGLIIHUHQWLDWHGDFFRUGLQJ WR WKHGULYH WHFKQRORJ\DQG IRXUYHKLFOH W\SHV VPDOO VL]HGFRPSDFWFODVV
PHGLXPVL]HGXSSHUFODVV$GGLWLRQDOO\DVWKHPRGHOLVEDVHGRQWLPHVWHSVUHSUHVHQWLQJD\HDUWKHWLPH
IUDPHIRUWKHDFKLHYHPHQWRIWKHWDUJHWYDOXHVFDQEHDGMXVWHG:LWKLQWKLVSHULRGRIWLPHDOLQHDUJUDGLHQW
LVVXSSRVHG)XUWKHUDGMXVWLQJVFUHZVDUHWKHIXHOSULFHDEX\HU¶VSUHPLXPDQGWKHPRGHODYDLODELOLW\RI
HOHFWULFDQGK\EULGFDUV7KLVDOORZVWKHGHWHUPLQDWLRQRIVFHQDULRV
7KHVWDUWLQJYDOXHVRIFRQYHQWLRQDOFDU¶VDWWULEXWHVDUHDGRSWHGIURPWKHVXUYH\7KHFKDUDFWHULVWLFVRI
WKHHOHFWULFDQGK\EULGFDUVDUHPRVWO\LQDSHUFHQWDJHUHODWLRQWRWKRVHRIWKHFRQYHQWLRQDOFDU2QGRLQJ
VRDQDGGLWLRQDOVXEMHFWLYHFRPSRQHQWLVLPSOHPHQWHGLQWKHPRGHODVQRWREMHFWLYHWHFKQRORJLFDOIDFWV
EXW IDFWV VHHQ WKURXJK D ILOWHU RI SHUFHSWLRQ DUH XVHG 2WKHUZLVH SHRSOH WKDW DUH XQGHUHVWLPDWLQJ WKH
FKDUDFWHULVWLFV RI WKHLU H[LVWLQJ FDUV ZRXOG EH IDFHG ZLWK FOHDUO\ PRUH FRPSHWLWLYH HOHFWULF FDUV 7KH
FKDUJLQJWLPHLVQRWVHWLQUHODWLYHEXWLQDEVROXWHYDOXHVEHFDXVHLWLVRQO\UHOHYDQWIRUHOHFWULFFDUV7KH
UXQQLQJFRVWVWKDWDUHVHSDUDWHGLQWRDIL[HGDQGDYDULDEOHFRPSRQHQWDUHDOVRVHWLQDEVROXWHYDOXHV
5HVXOWV
'HVFULSWLYHUHVXOWV
,Q WKH VXUYH\ WKHNQRZOHGJHDWWLWXGHDQGRSLQLRQRQHOHFWULFPRELOLW\ZHUHGHWHUPLQHG WRR$W WKH
EHJLQQLQJRIUHVSRQGHQWVVKRZHGLQWHUHVWLQEX\LQJDQHOHFWULFFDUDWWKHHQGRIWKHLQWHUYLHZWKLV
SHUFHQWDJH ZDV  7KLV VKRZV D SULQFLSOH RSHQ PLQGHGQHVV WRZDUGV HOHFWULF PRELOLW\ WKDW HYHQ
LQFUHDVHVE\GHDOLQJZLWKWKHWRSLF
$V WKH SUREDELOLW\ WR FKRRVH D FDU GHSHQGV RQ WKH FKDUDFWHULVWLFV XVHG LQ WKH FRQFUHWH H[SHULPHQW
SUREDELOLWLHVFDQQRWEHLQWHUSUHWHGGLUHFWO\7KLVGRHVQRWDSSO\WRWKHFKDQJHVLQSUREDELOLW\ZLWKLQRQH
JURXSRISXUFKDVHH[SHULPHQWVZLWKLQWKHVHJURXSVWKHVDPHDWWULEXWHFKDUDFWHULVWLFVZHUHXVHGEHVLGHRI
WKHFKDQJLQJVSHFLILFH[SHULPHQWVHWWLQJVDVFRVW LQIRUPDWLRQVHHFKDSWHU:LWKLQWKHILUVWJURXS
RQO\IHZUHVSRQGHQWVFKDQJHGWKHLUSXUFKDVHGHFLVLRQV,QRIWKHUHIHUHQFHH[SHULPHQWVDQHOHFWULF
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FDU ZDV FKRVHQ ZKHQ UXQQLQJ FRVWV SHU  NLORPHWHU ZHUH JLYHQ ,I DGGLWLRQDOO\ DQQXDO FRVWV ZHUH
RIIHUHG WKHSUREDELOLW\ VOLJKWO\ LQFUHDVHV WR:LWKLQ WKHQH[W VWHS OLIHWLPHFRVWV VXPRISXUFKDVH
SULFH DQG UXQQLQJ FRVWV IRU VHYHQ \HDUV ZHUH SRLQWHG RXW &RQVLGHULQJ WKH OLIHWLPH FRVWV PRUH
UHVSRQGHQWV FKDQJHG WKHLU SXUFKDVH GHFLVLRQV $Q HOHFWULF FDU ZDV VHOHFWHG LQ  RI H[SHULPHQWV
2YHUDOOWKHHIIHFWRIFRVWLQIRUPDWLRQRQSUREDELOLW\WRVHOHFWDQHOHFWULFFDULVORZ7KLVDOVRDSSOLHVWR
WKH FRQYHQWLRQDO FDU WKDW ZDV FKRVHQ LQ  LQ WKH ILUVW  LQ WKH VHFRQG DQG  LQ WKH WKLUG
H[SHULPHQW &RQWUDU\ YDULDWLRQ RI IUDPHZRUN FRQGLWLRQV LPSDFWV SXUFKDVH GHFLVLRQ LQ D ODUJHU H[WHQW
ȈĳȐȜȝĮȉȠĮȡȤİȓȠʌȡȠȑȜİȣıȘȢĲȘȢĮȞĮĳȠȡȐȢįİȞȕȡȑșȘțİ3DUWLFXODUDQLQFUHDVHRIIXHOSULFHKDV
DQ LPSDFW RQ HOHFWULF FDU¶V FKRLFH SUREDELOLW\ DVZHOO DV D EX\HU¶V SUHPLXPSURPRWHV WKH SXUFKDVH RI
HOHFWULFFDUV
7DEOH(IIHFWRIIUDPHZRUNFRQGLWLRQVRQWKHSXUFKDVHGHFLVLRQ
 FKRLFHSUREDELOLW\RIFDU 
 FRQYHQWLRQDO HOHFWULF K\EULG QRQH
5HIHUHQFHH[SHULPHQWQ H[SHULPHQW    
%X\HU¶VSUHPLXPQ H[SHULPHQW    
5HPLVVLRQRISDUNLQJIHHVRUIUHHHQWU\LQHQYLURQPHQWDO]RQHVRUDOORZDQFHWR
XVHGHGLFDWHGEXVODQHVRUUDLOZD\YRXFKHUVQ H[SHULPHQW    
,QFUHDVHRIIXHOSULFHQ H[SHULPHQW    

7KHDFWXDOWHFKQLFDOUHVWULFWLRQVRIHOHFWULFFDUVKDYHDVWURQJLPSDFWRQWKHSXUFKDVHGHFLVLRQRI
UHVSRQGHQWVZKRVHOHFWHGDQHOHFWULFFDUUHYLVHGWKHLUSXUFKDVHGHFLVLRQZKHQWKH\ZHUHLQIRUPHGLQWKH
PRGHFKRLFHH[SHULPHQWVDERXWWKHFRQVWUDLQWVZKLOHXVLQJHOHFWULFFDUV2EYLRXVO\DODUJHSURSRUWLRQRI
WKH UHVSRQGHQWV DUH QRW DZDUH RI WKHVH UHVWULFWLRQV LQ WKHLU ILUVW DQVZHU DOWKRXJK WKLV DZDUHQHVV LV
GHFLVLRQUHOHYDQWWRDODUJHH[WHQW)URPWKLVIROORZVDKLJKUHOHYDQFHRIWKLVNLQGRISODXVLELOLW\FKHFNWR
HQVXUHUHDOLVWLFILQGLQJV
0RGHODSSOLFDWLRQ
7KHGLVDJJUHJDWHPRGHOHQDEOHVWKHFDOFXODWLRQRIWKHQHZFDUPDUNHWVKDUHIRUHYHU\FDUWHFKQRORJ\
$V DQ H[FHUSW RI WKH FDOFXODWHG VFHQDULRV ZH SUHVHQW UHVXOWV RI D VFHQDULR ZKLFK ZH LQWHUSUHW DV DQ
DYHUDJHPRGHODVWKHGHYHORSPHQWRIWKHXVHUFRVWVDQGWKHWHFKQLFDOFKDUDFWHULVWLFVLVPRGHUDWH:LWKLQ
WKHPRGHODOLQHDULQFUHDVHRIIXHOSULFHIURPWR(XURSHUOLWUHIXHOLVDVVXPHG
)RU WKH VWDWXV TXR RI  ZH FDOFXODWH D QHZ FDUV PDUNHW VKDUH RI HOHFWULF FDUV RI  SHUFHQW
&RUUHVSRQGLQJYDOXHRIK\EULGFDUVLVSHUFHQW7KLVFRUUHVSRQGVWRWKH$XVWULDQFDUPDUNHWRI
6WDWLVWLN$XVWULDEDQGFDQEHVHHQDVDSODXVLELOLW\FKHFNRIWKHPRGHO

Ъ)RUDGHWDLOHGRYHUYLHZRQVFHQDULRVHWWLQJVDVVWDUWLQJDQGWDUJHWYDOXHVRIWKHDWWULEXWHVIRUWKHGLIIHUHQWYHKLFOHW\SHVSOHDVH
FRQWDFWWKHFRUUHVSRQGLQJDXWKRU
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)LJ1HZFDUPDUNHWVKDUHRIHOHFWULF(&DQGK\EULGFDUV+&LQPDUNHWDYHUDJHDQGIRUVPDOOVL]HGFDUVIRUDPRGHUDWH
WHFKQRORJLFDOGHYHORSPHQWDQGDPRGHUDWHIXHOSULFHLQFUHDVH

)LJ VKRZV WKHQHZFDUPDUNHW VKDUHRIHOHFWULF (&DQGK\EULG +&FDUVGHWDLOHG IRU VPDOO DQG
PHGLXP VL]HG FDUV DQG DV DYHUDJH RI DOO YHKLFOH W\SHV $FFRUGLQJ WR RXU FDOFXODWLRQV QHZ FDUPDUNHW
VKDUH RI HOHFWULF FDUV ORZHU EURNHQ OLQH LQFUHDVHV WR  SHUFHQW LQ WHQ \HDUV DQG WR SHUFHQW DIWHU
\HDUV7KHUDWHRIJURZWK LQFUHDVHV IURPD ORZOHYHORQZDUGV7KHVPDOOVWHS LQ WKHDYHUDJHPDUNHW
VKDUHRIHOHFWULFFDUVLVFDXVHGE\WKHPDUNHWLQWURGXFWLRQRIPHGLXPVL]HGHOHFWULFFDUVWKDWZDVDVVXPHG
DIWHUILYH\HDUV$VLWFDQEHVHHQLQ
)LJWKHQHZPDUNHWVKDUHRIHOHFWULFFDUVGLIIHUVZLWKWKHYHKLFOHW\SH7KHPDUNHWVKDUHLVKLJKHUIRU
PHGLXP VL]HG YHKLFOHV W\SHV WKDQ IRU VPDOO FDUV 7KH VPDOOHU VKDUH RI HOHFWULF FDUV LQPDUNHW DYHUDJH
GHSHQGVRQWKHPLVVLQJHOHFWULFFDUDYDLODELOLW\LQWKHSUHPLXPVHJPHQW
+\EULG FDUV KDYH D FRQVLGHUDEOH KLJKHU VKDUH LQ QHZ FDU PDUNHW WKDQ HOHFWULF FDUV ,W ULVHV WR 
SHUFHQWDWWKHHQGRIWKHHVWLPDWLRQSHULRGLQDYHUDJHRIDOOYHKLFOHW\SHV7KLVSURSRUWLRQLVHYHQKLJKHU
IRUVPDOOVL]HGFDUV
&RQFOXVLRQ
0DLQ IRFXVRI WKH UHVHDUFKSURMHFWZDVD VWDWHGSUHIHUHQFH VXUYH\DQG WKHDQDO\VLVRI LWV UHVXOWV%\
XVLQJVHYHUDOPHFKDQLVPVZHWULHGWRGHYHORSDSURFHGXUHWKDWVKRXOGKHOSWRHQVXUHUHDOLVWLFILQGLQJV
x $ SLORW VXUYH\ ZDV FRQGXFWHG WR RSWLPL]H WKH TXHVWLRQQDLUH LQ WHUPV RI GHVLJQ DQG XQGHUVWDQGLQJ
0HWKRGRORJLFDOELDVZDVPLQLPL]HGE\XVLQJUDQGRPRUGHURIDOWHUQDWLYHVDWWULEXWHVDQGWRDFHUWDLQ
H[WHQWH[SHULPHQWV
x 7KH TXHVWLRQQDLUH ZDV EDVHG RQ WKH DFWXDO FDU IOHHW RI WKH KRXVHKROG LQ D WZRVWDJH DSSURDFK WKLV
DSSURDFK LV DOVR DSSOLHG ZLWKLQ RWKHU VWXGLHV (ZLQJ 	 6DULJRHOO  *OHUXP HW DO  ,WV
DGYDQWDJHLV WKDWFKRLFHVHWVSUHVHQWHGWRUHVSRQGHQWVILW WRWKHLUSULQFLSDOSUHIHUHQFHV7KHW\SHDQG
QXPEHURIDWWULEXWHVXVHGLQRXUSXUFKDVHH[SHULPHQWVZHUHFKRVHQZLWKUHVSHFWWRILQGLQJVUHSRUWHGLQ
OLWHUDWXUH
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x $VFDUSXUFKDVHLVRIWHQDGHFLVLRQRIWKHZKROHKRXVHKROGZHWULHGWRLQYROYHDOOKRXVHKROGPHPEHUV
SRVVHVVLQJDGULYHUOLFHQVHLQWKHLQWHUYLHZ
x &RQVLGHULQJ WKH ³QRQH´ DOWHUQDWLYH ZH GLG QRW IRUFH UHVSRQGHQWV WR FKRRVH D FDU FRQWUDU\ WR WKHLU
SUHIHUHQFHV7KDWDOORZVIRUULJKWSDUDPHWHUHVWLPDWHVVHH%DWOH\	7RQHU
x 2QHSDUWLFXODU IHDWXUHRIRXUDSSURDFK LV WKHPRGHFKRLFHH[SHULPHQWVDVDSODXVLELOLW\FKHFNRI WKH
SXUFKDVH GHFLVLRQV 'XH WR IHHGEDFN FRQWURO UHSUHVHQWDWLYH LQIRUPDWLRQ RQ WKH XVHU QHHGV DQG XVHU
EHKDYLRUFDQEHJLYHQ7KLVFKHFNOHDGVWRDUHYLVHGSXUFKDVHGHFLVLRQTXLWHRIWHQ
)RUWKHDQDO\VLVRIFDUSXUFKDVHDGLVFUHWHFKRLFHDQDO\VLVZDVSHUIRUPHG7KHPRGHOGHYHORSHGXVLQJ
WKH FDOFXODWHG XWLOLW\ IXQFWLRQV DOORZV WKH DVVHVVPHQW RI WKH UHOHYDQFH RI WKH DWWULEXWH RQ FXVWRPHU¶V
GHFLVLRQ ,W VKRZV WKDW FRVW DWWULEXWHV KDYH D KLJKHU LPSDFW RQ WKH SXUFKDVH GHFLVLRQ WKDQ WHFKQLFDO
FKDUDFWHULVWLFV,QSDUWLFXODUSXUFKDVHSULFHDIIHFWVFDUFKRLFHIRUDGHWDLOHGRYHUYLHZ6WDUNHWDO
7KHRXWVL]HGPHDQLQJDVVLJQHGWRUDQJHDQGFKDUJLQJWLPHLQSXEOLFSHUFHSWLRQFDQQRWEHFRQILUPHG
:HH[SHFW DQ LQFUHDVHRI$XVWULDQV QHZFDUPDUNHW VKDUH RI HOHFWULF FDUV LQ DYHUDJHRI SHUFHQW
ZLWKLQ WHQ \HDUV  DQG RI  SHUFHQW DIWHU  \HDUV  IRU DPRGHUDWH VFHQDULR 7KH PRGHO
VKRZVWKDWWKHPDUNHWSHQHWUDWLRQRIPHGLXPVL]HGHOHFWULFFDUVZLOOEHKLJKHUFRPSDUHGWR
VPDOOVL]HGYHKLFOHV+\EULGFDUVKDYHEHWWHUPDUNHWRSSRUWXQLWLHVWKDQHOHFWULFFDUV
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:LWWLQN'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5HVHDUFKLQ0DUNHWLQJ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